SUPPLEMENTARY TABLES
. The L1 sensor chip was coated with 1--palmitoyl--2--oleoyl--sn--3--phosphocholine/1--palmitoyl--2--oleoyl--sn--3--phosphoserine/ PtdIns(4,5)P 2 (77:20:3) large unilamellar vesicles. The proteins were incubated with a given concentraUon of IP 3 for 5 minutes before injecUng into the SPR instrument. KineUc SPR measurements were performed in 20 mM Tris--HCl, pH 7.4, containing 0.16 M KCl (see Methods for details). NoUce that 5 μM of IP 3 inhibited the binding of the PLCδ PH domain to PtdIns(4,5)P 2 --containing vesicles by >70% while showing a minimal effect on that of DAN--eENTH. It is also noteworthy that DAN--eENTH has much faster membrane associaUon and dissociaUon than the PLCδ PH domain (in the absence of IP 3 ), which is an important advantage as a sensor. A lower concentraUon of DAN--eENTH was used than that of PLCδ PH because the former has much higher affinity than the la]er.
a b
No IP 3 No IP 3 1 μM IP 3 . | (a) Fluorescence emission spectra of DAN--eENTH (500 nM) in the presence of 1--palmitoyl--2--oleoyl--sn--3--phosphocholine/1--palmitoyl--2--oleoyl--sn--3--phosphoserine/ phosphoinosiUdes (79:20:1) LUVs. The spectra were obtained spectrofluorometrically with one--photon excitaUon wavelength for DAN--eENTH set at 392 nm. The blue line indicates the spectrum without phosphoinosiUde, the red line with PtdIns(4,5)P 2 , and the orange lines with other phosphoinosiUdes, including PtdIns(3,4,5)P 3 , PtdIns(3,5)P 2 , PtdIns(3,4)P 2 , PtdIns(3)P, PtdIns(4)P, and PtdIns (5) . Pseudo--coloring was used for images with red indicaUng the highest concentraUon and blue the lowest. NoUce that although all cells show local PtdIns(4,5)P 2 heterogeneity, there is a significant degree of variaUon in their PtdIns(4,5)P 2 distribuUon pa]ern. PtdIns(4,5)P 2 quanUficaUon was performed as described for Fig. 3 . These representaUve cells were selected from 43 NIH 3T3 and 30 MDCK cells invesUgated. SpaUal heterogeneity and temporal fluctuaUon of PtdIns(4,5)P 2 in the plasma membrane were observed in >85% of these cells, albeit with significant variaUon. 
SUPPLEMENTARY METHODS

Materials
The thiol-reactive acrylodan (6-acryloyl-2-dimethylaminonaphthalene) and thrombin were purchased from Invitrogen. 1-Palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) and 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoserine (POPS) were purchased from Avanti Polar 
Preparation of Lipid Vesicles
LUVs were prepared by extrusion using a 100 nm-pore membrane. GUVs were prepared by 
Spectrofluorometric Measurements
Hitachi F-4500 spectrofluorometer was used for all cuvette-based fluorescence measurements. 
DAN-eENTH
Determination of [PtdIns(4,5)P 2 ] on GUV by Fluorescence Microscopy
All fluorescence microscopy measurements were carried out at 37 ºC in a two-photon excitation mode using the custom-built multi-photon, multi-channel microscope that was described (Fig. S7) .
The total photon counts of GUV (F B(total) and F G(total) ) were divided by the total area of the pixels that constitute each GUV to yield the photon counts per area, F B and F G (counts/m 2 ). Average values of F B and F G for each PtdIns(4,5)P 2 concentration were then used to prepare the calibration curves for both single-channel (i.e., blue-channel only) and ratiometric analyses. and the theoretical calibration curve was constructed using these values (see Fig. 1d ). Then,
[PtdIns(4,5)P 2 ] s from an unknown sample was calculated using the equation; [PtdIns(4,5)P 2 ] s = Fig. 1c and 1d) determined for POPC/POPS/PtdIns(4,5)P 2 . The bulk cellular concentration of PtdIns (4, 
Phagocytosis of Apoptotic Jurkat T Cells
Mouse macrophage cells J774A.1 (ATCC) were cultured in DMEM supplemented with 100 U/ml penicillin, 0.1 mg/ml streptomycin and 10% FBS. Jurkat T cells (ATCC), a human leukemic cell line, were maintained in the RPMI-1640 medium containing 100 U/ml penicillin, 0.1 mg/ml streptomycin and 10% heat-inactivated FBS. All cell lines used in this study were Fluorescence intensity of PLCδ-PH-EGFP was determined in selected areas in cytosol (F c ) and PM (F pm ) and averaged at each time frame. The fluorescence intensity ratio, which indicates the relative abundance of fluorescence proteins at PM versus cytosol, was then calculated as F pm /(F pm + F c ) and plotted as a function of time.
Rapamycin-Inducible PtdIns(4,5)P 2 Depletion System
The PtdIns(4,5)P 2 depletion was performed according to a reported procedure using the RF-Inp and PM-FRB constructs 3, 4 . NIH3T3 cells were seeded into cell plates sealed with golden seal cover glass (ThermoScientific), and then incubated with DMEM containing 10% (v/v) FBS at was determined before and after addition of 2.5 μM rapamycin.
Surface Plasmon Resonance (SPR) Analysis
All SPR measurements were performed at 23 °C in 20 mM Tris, pH 7.4, containing 0.16 M KCl using a lipid-coated L1 chip in the BIACORE X system as described previously 5 . LUVs of POPC/POPS/PtdIns(4,5)P 2 (or another phosphoinositide) (77:20:3) and POPC were used as the active surface and the control surface, respectively. Equilibrium SPR measurements were done at the flow rate of 5 µl/min to allow sufficient time for the R values of the association phase to reach near-equilibrium values. Sensorgrams were analyzed assuming a Langmuir-type binding between the protein (P) and protein binding sites (M) on vesicles (i.e., P + M  PM), and the K d value was determined by a nonlinear least-squares analysis. Each data set was repeated three or more times to calculate average and standard deviation values. For kinetic SPR measurements, the flow rate was maintained at 15 µl/min for both association and dissociation phases.
